Following introductions in 1993 and 1994, a population of 35 houbara bustards was established in the Mahazat as-Sayd protected area, Kingdom of Saudi Arabia. First breeding was recorded in spring 1995 following a period of heavy rainfall. Two clutches of one and two eggs, respectively, and one brood of three 2-week-old chicks were located. All eggs were infertile, possibly due to a low density of breeding males or inexperience of the females. One nest was abandoned and the single infertile egg in the other nest was exchanged with a fertile one. The breeding females were aged 25 months, 24 months, and 12 months (the fertile one) at egg-laying. The fertile nest was constructed on the border of the home range of the breeding male whereas other nests were constructed outside of the range of any potential breeding male. The adult male likely to be the father of one brood was never observed with 'its' family. Once the chicks were older than 30 days, satellite mature and immature males were occasionally observed with broods. Chicks flew at 38-42 days of age but stayed with the mother until at least 3·5 months of age.
Introduction
The houbara bustard (Clamydotis undulata) is a 1-2 kg desert and semi-desert dwelling member of the Otididae classified as vulnerable by IUCN. The Asiatic subspecies (C. u. macqueenii ) occurs from the Middle East to the western and central part of the former U.S.S.R., through Pakistan, Afghanistan and Kazakhstan (Dementiev & Gladkov, 1951; Meinertzhagen, 1954; Heim de Balzac & Mayaud, 1962; Cramp & Simmons, 1980; Urban et al., 1986; Johnsgard, 1991) . The houbara bustard has been traditionally hunted by falconers throughout Arabic countries.
Houbara populations throughout the range have undergone marked reductions in recent decades (Collar, 1980; Cramp & Simmons, 1980; Alekseev, 1985; Mirza, 1985; Lavee, 1988; Gubin, 1992; Troshchenko, 1992) and especially in Saudia Arabia (Jennings, 1989) . In common with other Arabian wildlife, the houbara bustard is threatened by overhunting and by overgrazing of natural vegetation due to high densities of domestic livestock. Conservation measures, including establishment of protected areas, education of the public, restriction of hunting, captive breeding and introduction, are undertaken in Saudi Arabia by the National Commission for Wildlife Conservation and Development (NCWCD) .
In 1991 the houbara breeding unit at the National Wildlife Research Center (NWRC) became capable of producing birds for experimental release. The first introduction success of captive-bred houbara bustard was achieved in 1992 in the Mahazat as-Sayd protected area in central Saudia Arabia . Reasonable successes were obtained in 1993 and 1994 with the establishment of 35 birds in the reserve (Combreau & Smith, unpublished data) . Results presented in this paper describe the first breeding by captive-bred houbara introduced in Mahazat asSayd.
Study area
Mahazat encompasses 2244 km 2 of desert steppe habitat on the western edge of the Najd Pediplain in south-western Saudi Arabia. It is centred on 22°20' N-41°40' E, approximately 150 km north-east of Taif. Elevation ranges from approximately 900 m a.s.l. in wadis to 1100 m a.s.l. on basaltic relief. Soils are predominantly ( > 96%) sand and gravel.
The climate of the area is arid and hot. Monthly mean temperatures are 17-18°C in winter and 32-33°C in summer. An absolute high of 46°C was recorded in July 1993. Soil surface temperatures measured in July 1994 reached a maximum of 69°C. Mean monthly wind speed varies from 2·5 to 4·5 m s -1 . Mean monthly solar radiation varies from 180 to 300 watt m -2 , with daily maximums ranging from 700 to 1000 watt m -2 through the year. The amount and temporal distribution of rainfall varies considerably between years. From 1990 to 1994, annual rainfall ranged from 46 mm to 134 mm (mean 79 mm). Most rainfall typically occurs in spring (March-May). Major rainfall events occasionally occur outside of this period, e.g. August 1992, but it is common for the area to be rain-free for 5 to 10 months between June and March. Following heavy rains, water may accumulate and remain in alluvial hollows for several weeks; however, there is no permanent surface water in Mahazat. In 1995, 33·4 mm of rain fell during March, 66·2 mm during April and 5·2 mm during May. In 1989, 1 year after Mahazat received protected status, all domestic livestock was removed and 230 km of 2-m high chainlink perimeter fence was erected. Since that time the vegetation, dominated by various associations of Acacia and Panicum, has recovered remarkably. In 1994, 129 plant species were recorded (S. Collenette, pers. comm.); this is in contrast to totals of 112 species in 1992 and 56 species in 1989 (H. Gillet, unpubl. data). Inside a 400 ha enclosure within the reserve, the density and diversity of vegetation, as well as that of invertebrates, increased significantly between 1992 and 1994 (Combreau & Rambaud, 1994) . Mahazat as-Sayd is currently a relatively natural, well-vegetated island surrounded by severely overgrazed desert steppe habitat. In recent years, Arabian oryx (Oryx leucoryx) (Greth & Smith, 1993) , sand or goitred gazelle (Gazella subguturossa marica) (Haque & Smith, 1996) , and rednecked ostrich (Struthio camelus) (Smith & Haque, 1994) have been reintroduced into Mahazat.
Methods
All houbara introduced in Mahazat as-Sayd were captive-bred at the NWRC in Taif and were either hand-raised or raised by a foster female in close contact with humans (Saint Jalme & van Heezik, 1995) . Experimental releases started in 1991 but the first notable successes were obtained in 1993 and 1994. Details of the captive breeding and introduction programme are reported by Saint Jalme et al. (1996) , Seddon et al. (1995) , Combreau et al. (1995) and Combreau & Smith (unpublished data) . As of 1 January 1995, 35 houbara have been free-ranging in the reserve for between 4 and 20 months; two females were about 3-years-old, four males and ten females about 2-years-old, and nine males and ten females about 1-year-old. However, due to the absence of marked morphological difference between males and females at the time of release these sex ratios are not precise.
Houbara released in Mahazat were equipped with solar-powered transmitters (AVM Instrument Co., Ltd. Livermore, CA or Telemetry Systems Inc., Mesquon, WI) attached in a backpack configuration. Houbara were radio-located by both ground and aerial telemetry. Aerial locations were made from an altitude of 15-50 m above ground level in a Maule aircraft, using a portable receiver (Telonics Inc., Mesa, AZ) and one 2-element directional antenna attached to each wing strut. During ground locations, we generally approached birds by vehicle until visual contact was made, often to within 50-100 m. Nests and broods were discovered by following the tracks of females located by telemetry. For each ground location, latitude and longitude, habitat type, and, when possible, behaviour of the houbara were recorded (Combreau & Rambaud, 1994) . Home ranges were estimated by the minimum convex polygon method using the package SEAS (Spatial Ecology Analysis System, by M. Stuewe, Conservation Center, National Zoo, Front Royal, VA 22630, U.S.A.).
Results
Captive-born houbara bustards newly introduced in the Mahazat as-Sayd protected area started to breed in spring 1995. Of the 22 females and 13 males introduced, reproduction was confirmed for three females and one male only. Another female is believed to have started to breed but reproduction was not confirmed and if a breeding attempt occurred, it failed at an early stage. The likelihood of breeding was first suggested by a reduction in home range size. Whereas non-breeding birds utilized an average home range of 242 ± 178 km 2 in spring 1995 (Combreau et al., unpublished data) , breeding birds utilized an average home range of 3·6 ± 2·0 km 2 for females and 10·0 km 2 for the male during the breeding period. Habitats chosen for nesting were either open areas close to vegetation (20 m) or in one case, a large sandy wadi with sparse vegetation. Typically, vegetation in habitats utilized by breeding females and broods was dominated by either Indigofera spinosa associated with Stipagrostis plumosa, or by Fagonia indica associated with Panicum turgidum; Acacia tortillis occurred at low density in both habitats. Most plant species were flowering during the egg-laying period following the rain on 21 April.
Female H000153 (2-years-old)
This bird utilized a reduced area of 3·3 km 2 corresponding to its breeding range from 28 March to 20 June 1995 (84 days) (Fig. 1) . It is notable that the site utilized for breeding was visited by this female the year before, from 13 June to 4 August 1994. The nest with one egg was discovered on 19 April. When the last possible date of hatching came (12 May), the egg was checked, found to be infertile and was exchanged with a fertile egg from the NWRC breeding unit. This egg hatched on 17 May. On 18 May the female and chick had left the nest. The chick was observed flying on 27 June at 41 days of age. 
Female H000523 (1-year-old)
This bird utilized a breeding range of 5·8 km 2 from 14 February to 22 May 1995 (97 days) (Fig. 1) . On 8 May, tracks of one to two chicks were observed; on 10 May, one chick aged 10-15 days was seen; on 16 May, tracks of the female with three chicks were observed. Three chicks aged 25-30 days were confirmed on 1 June suggesting that hatching occurred around 25-30 April and laying during the first week of April. Chicks were seen flying by 12 June at 38-42 days of age.
Female H000186 (2-years-old)
This female utilized a breeding range of 1·7 km 2 from 23 April to 6 June 1995 (44 days). The nest was discovered on 22 May with one egg. Another egg was laid between the 22 and 25 May. The eggs were infertile and the nest was abandoned by 6 June. Desertion of the nest may have been prompted by high ambient temperatures. Air temperature was 27·0 ± 4·9°C. (absolute maximum of 36·6°C) and 24·6 ± 5·5°C (absolute maximum of 36·1°C) during the breeding of female H000153 and H000523, respectively, whereas it was 32·1 ± 4·7°C (absolute maximum of 39·7°C) during the breeding of female H000186.
The infertility of eggs at two of the nests might be related to the low density of potentially sexually mature and displaying males. Of the 13 males introduced, only four were 2-years-old. Interindividual distances of breeding females from potentially mature males were calculated for the 15 days before egg-laying. Female H000186 was never recorded at a distance less than 30 km from a potentially breeding male (average 32·1 ± 11·7 km). Female H000153 was located at an average distance of 4·3 ± 1·2 km from the breeding male (H000160). However, the minimum distance recorded was never less than 3·0 km, there was no overlap between the two breeding ranges and the nest was built at a distance of 1·7 km from the closest border of the range of the male. Female H000523 on the contrary, was seen twice with the breeding male (H000160), on 19 March and 5 April, and stayed close to this male during the egg-laying period (2·1 ± 0·6 km). As much as 73% of the breeding home range of this female was included in the home range of male H000160 (Fig. 1) . This brood was found after eggs had hatched and the nest was not discovered. However, from the location of the female during incubation, we estimated that the nest was built exactly on the border of the range of the breeding male. The male H000160 utilized a breeding range of 10·0 km 2 . He entered this range on 15 February 1995 and left 102 days later on 28 May 1995. This breeding range was included at 43% in the home range of female H000523 suggesting that these birds were closely paired and utilized together a kind of territory (Fig. 1) .
For the first month after hatching, the home range of the families did not exceed 1 km.
2 Up to 11·0 km 2 and 6·9 km 2 were utilized during the second month for brood H000123 and H000523, respectively. Subsequently, the home ranges decreased to 3·0 km 2 and 2·7 km 2 for the next 15 days. Increase in home range during the second month of age was due to changes in foraging sites; birds tended to settle in a small area after having made one or two longer moves. Tracks suggested that when feeding, interindividual distances between mother and chicks did not exceed 10 m. However, females may leave for foraging at a distance of over 3 km from the chicks when they are aged at least 30-35 days. When the chicks were older than 30 days, satellite males were occasionally observed with broods. As soon as the male H000160 left its breeding home range (28 May 1995), its female (H000523) and young were seen wandering together with a satellite immature male (1 June 1995). On 27 June 1995, the breeding male and an immature 1-year-old male were seen together with another brood (female H000153 and its young). With or without satellites, subadults stayed with their mother for at least 3·5 months.
Discussion
According to Cramp & Simmons (1980) , houbara bustards are found in 'semi-desert zones, open or shrubby, level or undulating more or less arid plains uninhabited or thinly inhabited by man'. The species occurs in areas below the 200 mm (Brosset, 1961) to 228 mm (Mian, 1988) isohyets and is adapted to a temperature range of 4-24°C but tolerates short periods of lower and higher temperatures (Mian, 1988) . Mahazat as-Sayd is a large fenced reserve enclosing habitats highly suitable to houbara, at least during the winter. The average annual rainfall and winter temperature in Mahazat as-Sayd are at suitable levels for houbara, but monthly average summer temperatures of 32-33°C with a maximum of up to 46°C are far beyond the upper range tolerated. No evidence that houbara bred regularly in this region in the past were discovered and possibly the last known resident breeding population in Saudi Arabia is located in the Harrat al-Harrah protected area, about 1000 km north of Mahazat asSayd (Jennings, 1995; Seddon & van Heezik, 1996) .
There were, therefore, reasons to doubt that houbara introduced into Mahazat asSayd would be able to breed successfully on a regular basis, but in the event they did so in April and May 1995. Reproduction of houbara reportedly occurs from March to May in general with laying occurring earlier (February-March) in southern locations (Cramp & Simmons, 1980; Mendelssohn, 1980; Lack, 1983) . In Mahazat as-Sayd, breeding probably started in early April because heavy rain fell in the area on 21 March and birds may start developing sexual activity only after rain. We think that spring rainfall will trigger houbara breeding in Mahazat as-Sayd. In addition, we think that average air temperature exceeding 30°C could lead houbara to abandon their nest as during our observations. We therefore believe that reproduction is likely to fail if the first rain of the year occurs after 1 May.
A 1-year-old female was found to breed in Mahazat. Reproduction in a 1-year-old female seems exceptional because females of the species reportedly start breeding at 2 years of age (Cramp & Simmons, 1980; Mendelssohn, 1980) . At the NWRC breeding centre, only 3% of female houbara started to lay when 1-year-old; 29% of the captive population of females started to breed at 2-years-old, 34% at 3 years, 23% at 4 years, and at 6-years-old only about 10% of females had not begun to lay (M. Saint Jalme, pers. comm.). If future observations confirm that breeding by 1-year-old females is common, the natural growth rate of the introduced population will be increased. Cramp & Simmons (1980) noted that males may attend the brood sometimes but that the chicks are cared for and fed by the female. Collins (1984) states that pairs are formed prior to nesting, that the male may stay close to the female but appears not to share the incubation, and that the male is sometimes seen with the brood after the young have hatched. Our data partially confirm these findings. In our observations male and female were observed together twice prior to nesting but they did not form an authentic pair. As a matter of fact, the breeding male was never seen with 'its' female and young despite use of the same territory from which all other birds seemed to be excluded (5·7 ± 4·7% of overlap only with other birds during the breeding period; Combreau et al., unpublished data) . In addition, after the breeding male had departed from its breeding range, a satellite immature male was seen with its own family and the breeding male was observed with another unrelated brood already accompanied by another immature male. The social behaviour of houbara seems to be complex and much more work is needed to understand the relationships during breeding and the role of immatures.
Potential predators are diverse and numerous in the reserve. Steppe-eagles (Aquila rapax) and eagle-owls (Bubo bubo ascalafus) may present little threat to broods compared to brown-necked ravens (Corvus ruficolis) which occur in high densities and which were seen preying upon houbara nests in Israël (Lavee, 1988) . All small carnivore species of the protected area, including red fox (Vulpes vulpes) and Rueppell's fox (Vulpes ruppelli), sand cat (Felis margarita), wild cat (Felis sylvestris), feral cat (Felis domesticus) and honey badger (Mellivora capensis), could take houbara chicks and eggs. Another important predator could be the monitor lizard (Varanus griseus) which was seen preying upon houbara eggs in Kazakhstan (Launay & Loughland, 1994) . However, we did not observe any predation upon eggs or chicks in Mahazat asSayd.
The factors responsible for the decline of houbara, including hunting, overgrazing and disturbance, are absent in Mahazat as-Sayd and we may therefore expect that, if the chicks survive and stay in the reserve, the houbara population of Mahazat as-Sayd has the potential to increase naturally providing winter and spring rainfall occurs regularly. Troshchenko, B.V. (1992) . A note on the distribution and numbers of houbara bustards in northeast Prikaspiy, on the border of its range. Bustard Studies, 5: 104. Urban, E.K., Fry, C.H. & Keith, S. (Eds) (1986) . The Birds of Africa, Vol. II, pp. 148-179.
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